Introduction
Infections due to multi-resistant Gram-negative pathogens are now being considered as one of the most important medical challenge facing health care sector. [1] Phrases such as the "world moving towards the pre-penicillin era" [2] are catching the imagination of medical professionals, pharmaceutical companies, civil society, media and public at large. While the momentum being generated by public forums on antimicrobial resistance will indeed be fruitful in curtailing injudicious use of antimicrobials, we need to look into the important question of the significance of presence vol. 34, No. 4 www.ijmm.org
Methods

Hospital setting
The study was conducted from January to December 2015 at the 190-bedded Level-1 JPNA Trauma Centre of the 2400 bedded -AIIMS Hospital, New Delhi. The hospital has a robust surveillance system for hospital-acquired infections (HAIs), especially device associated infections such as ventilator-associated pneumonia, central line-associated bloodstream infections and catheter-associated urinary tract infections. There is a multi-disciplinary infection control team, consisting of clinicians, microbiologists and 10 infection control nurses at the centre. [5, 6] The diagnosis of HAIs is done based on the CDC's NHSN definitions. [7] Intensive surveillance, feedbacks and control measures have significantly reduced the rates of all DAIs (Device associated Infection); however, the rates of MDR in Gram-negative bacteria are very high. [8] All patients from whose samples clinically significant Gram-negative pathogens were isolated on culture (mono-or bi-microbial Gram-negative isolation), were included in the study. All the Gram-negative pathogens included for this study were MDR (all of them were extended-spectrum beta-lactamase [ESBL] positive, with resistance to one more other class of antibacterial). Consecutive patients admitted to the Intensive Care Units (ICUs)/wards of the JPNA Trauma Centre, fulfilling the above criteria were enrolled. All clinical samples included in this study were non-duplicate. Clinical significance of the culture report was based on definitions of HAIs, as per CDC's criteria. [7] The clinicians made the final diagnosis, based on defined criteria. All the patients were prospectively followed through their hospital stay till their outcome in the hospital, as per our published surveillance methodology. [6] Antimicrobials were used for treatment based on culture reports and as per clinical decision.
The microbial identification of all Gram-negative bacterial isolates was done by Vitek II (Biomeriux India Limited). The antimicrobial susceptibility testing of all isolates was done by the disc diffusion method on Mueller-Hinton agar according to the Clinical Laboratory Standards Institute (CLSI) guidelines. [9] Escherichia coli ATCC 25922 and Pseudomonas aeruginosa ATCC 27853 were taken as control strains. The following antimicrobials were tested: Ampicillin (10 µg), ampicillin/sulbactam (10/10 µg), amoxycillin (10 µg), ceftazidime (30 µg), ceftazidime/clavulanic acid (30/10 µg), cefotaxime (30 µg), ceftriaxone (30 µg), cefoperazone (30 µg), cefoxitin (30 µg), cefpodoxime (30 µg), cefepime (30 µg), aztreonam (30 µg), piperacillin (100 µg), piperacillin/tazobactam (100/10 µg), ticarcillin/ clavulanic acid (75/10 µg), cefoperazone/sulbactam (75/30 µg), cefepime/tazobactam (30/10 µg), ceftriaxone/ sulbactam (30/15 µg), imipenem (10 µg), meropenem (10 µg), ertapenem (10 µg; except for Acinetobacter sp. and Pseudomonas sp.), amikacin (30 µg), gentamicin (10 µg), netilmicin (30 µg), ciprofloxacin (5 µg), levofloxacin (5 µg), tigecycline (15 µg, except for Pseudomonas sp.), polymyxin B (300 U), colistin (10 µg) and chloramphenicol (30 µg). The interpretative zone diameters were used as per CLSI recommendations. [9] Testing for ESBL production Any isolate showing a reduced zone diameter of ceftazidime/cefotaxime/ceftriaxone/cefpodoxime/aztreonam was included for confirmatory testing for ESBL production. Phenotypic confirmatory test for ESBL production was done using the CLSI recommended cephalosporin/ clavulanate combination disc method. It was performed in all Gram-negative genus suspected to be ESBL producers. Although the CLSI does not recommend this to be confirmatory in genera other than E. coli, K. pneumoniae, Klebsiella oxytoca and Proteus mirabilis, we used this test in other genera, followed by polymerase chain reaction (PCR)-based detection of ESBL genes. E. coli ATCC 25922 (non-ESBL -producer) and K. pneumoniae ATCC 700603 (ESBL producer) were taken as negative and positive controls, respectively, with each testing. Strains suspected/phenotypically confirmed to be ESBL producing were examined for the presence of the bla TEM , bla SHV , bla CTX-M , bla PER and bla VEB β-lactamases genes by PCR, using the published primers. [10] All the isolates confirmed to be ESBL producers were examined for the presence of bla KPC and bla NDM by PCR, using published methodology. [11, 12] Clinical follow-up was done for each case, and the outcome was assessed as "survived"/"Fatal."
For statistical analysis, P < 0.05 was considered as significant.
Results
A total of 276 consecutive patients admitted to the ICUs/ wards of the JPNA Trauma Centre and fulfilling the criteria mentioned above during the study period were included in this study. A total of 359 non-duplicate samples which grew mono-/bi-microbial Gram-negative bacterial pathogens were received from these patients. Of the 276 patients, 248 (90%) were male, the age of the patients ranging from 1 to 85 years (median 25 years). Of the 359 samples, 126 (35%) were tracheal aspirates, 84 (23%) were pus, 58 (16%) were bronchoalveolar lavage (BAL), 56 (15.5%) were blood, 10 (2.7%) were urine, 9 each (2.5% each) were tissues and urine and 7 (2%) were fluids (pleural/peritoneal/drain).
A total of 68 (24.6%) of these 276 patients had a fatal outcome, of which 59 (86.7%) were male; the age of these patients ranged from 8 to 85 years (median age 45 years).
A total of 112 samples growing Gram-negative pathogens were obtained from this group of 68 patients. Of these, 35 (31%) were tracheal aspirates, 24 (21.4%) were blood, 23 (20.5%) were BAL, 13 (11.6%) were pus, 6 (5.3%) were cerebrospinal fluid, 4 (3.5%) were urine, 6 (5.3%) were fluids and 1 was tissue.
A total of 371 organisms were recovered from the 359 samples included in the study. Of these, 116 organisms (from 112 samples) were recovered from the 68 patients who had a fatal outcome. The distribution of Gram-negative pathogens from 359 clinical samples of the 276 study patients and from the 112 samples of the 68 fatal patients is shown in Table 1 .
The presence of bla NDM and bla KPC genes in isolates of Gram-negative bacteria from clinical samples of patients who survived versus those who had a fatal outcome is shown in Tables 2 and 3. The difference in prevalence of bla NDM and bla KPC was not significant in any genera of Gram-negative pathogens isolated from patients who survived versus those who had a fatal outcome.
Discussion
The present study tries to answer the question of whether the mere presence of bla NDM and bla KPC genes in isolates of Gram-negative bacteria from clinical samples is the principal driver for an adverse patient outcome? We included a group of trauma patients, which in itself serves as a uniform cohort. Globally, trauma victims are predominantly middle-aged male, generally lacking underlying predisposing factors for acquiring HAIs. We excluded the patients who had mixed Gram-negative and -positive pathogens in culture to have a uniform study population infected with Gram-negative pathogens.
The primary end point of fatality is an easy objective measure to assess. It is important to ascertain the actual burden of mortality being caused due to infections with MDR pathogens. In our study, we did not find any significant difference in the mortality rate of patients infected with pathogens carrying bla NDM and bla KPC genes as compared to those without these genes. This may mean that other host-or pathogen-related factors might be more important drivers of a fatal outcome. While conveying reports of presence of genes, an informed reporting should be done to the clinicians regarding the relevance of presence of these genes. Most clinicians are apprehensive of infections caused by pathogens carrying bla NDM and bla KPC genes, a common misconception being that such infections are invariably fatal.
Our study has a number of lacunae
We did not ascertain other parameters such as length of stay and cost of treatment with reference to presence of bla NDM and bla KPC genes. The impact of other resistance genes can also not be negated based on this study.
A study encompassing genotyping of all prevalent resistant mechanisms along with detailed clinical indices, and the outcome would be able to answer these questions. 
